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The measurements
The SUMO flights presented in this study were embedded in the joint measurement campaign WINTWEX-W (Kumer et al., 2015) performed in collaboration between NORCOWE and ECN at the ECN test site Wieringermeer in the Netherlands. This campaign was specifically dedicated to the full-scale investigation of structure and dynamics of single turbine wakes and The SUMO system SUMO (Small Unmanned Meteorological Observer) is a micro-RPAS (Remotely Piloted Aircraft System) with a wingspan and length of 80 cm and a take-off weight of 700 g (Reuder et al., 2009 ). In addition to sensors for the basic atmospheric parameteres temperature, humidity and pressure it is now also equipped with a commercially available turbulence measurement system based on a 5-hole flow probe (5HP) that allows measurements of the 3-dimensional wind vector with 100 Hz (Reuder et al., 2012 (Reuder et al., , 2016 Båserud et al., 2016) .
SUMO vs. sonic anamometer
In a first step we compared the wind velocity components averaged over the SUMO flight legs, measured at altitudes between 80 and 120 m, with the corresponding data from a sonic anemometer at 108 m height on the meteorological mast MM3 (left figure). Both data sets represent upstream wind conditions. The black line shows the sonic anemometer measurements in 32 Hz resolution, the gray line denotes a 10 min running mean. The SUMO measurements are given as average values over each straight leg and marked as orange stars. The data shown are for the eight legs of flight #4. A comparison of the spectral behaviour, between the 100 Hz measurements from the 5HP of SUMO and the 32 Hz data from the sonic anemometer is in the figure to the right. It shows the instantaneous and averaged energy spectra of the wind velocity components u, v, and w.
• both systems agree in general reasonably well and show a clear inertial subrange • the peak in the SUMO data for u and v around 1 Hz is most likely induced by aircraft motion triggered by the internal control loops of the autopilot • the obvious lack of energy in the v component for the SUMO data for the lower frequencies requires further investigations • SUMO spectra for the vertical component are following the -5/3 slope of the inertial subrange also for the highest frequencies, while the sonic data are showing signs of spectral attenuation in this region; potentially a signature of flow distortion by the mast.
SUMO wake measurements
The second step was the analysis of the collected data sets with respect to the wake characterization The turbulent kinetic energy (TKE) distribution over the flight legs, calculated from the SUMO flow measurements gives deeper insight into the flow and wake structure:
• higher level of TKE and TKE variability at A and B downstream compared to C and D upstream, indication the turbulence induced by the wind turbine row • highest TKE level in the flanks of the wake (indicated by the black arrows in the right figure) , while the TKE in the center of the wake is only slightly enhanced compared to the background TKE. 
